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ABSTRACT
In comparison with some other parts of the world, there has been a
marked lack of engagement with the functional study of bone tools in
southern Africa. Only a handful of researchers are actively conducting
work on this important aspect of material culture on the sub-
continent. In this paper, I explore four avenues of use-trace analyses
that can be used to investigate the past function of bone tools, namely,
use-wear, macrofracture analysis, morphological residues studies and
micro-focus computed tomography. Despite the increasing application
of sophisticated analytical software, definitions of use-traces still differ
among analysts. Here I provide a brief overview of various use-trace
indicators and descriptions of how to identify them. Wherever possi-
ble, I use only the consensus definitions and descriptions of the various
use-traces for easier identification by a non-expert.
Keywords: use-traces, use-wear, residue analysis, macro-
fracture analysis, micro-CT, bone tools.
INTRODUCTION
Use-trace studies are regularly conducted on stone tools to
find out more about the tasks for which they may have been
used in the past (e.g. Binneman 1983; Cooper & Nugent 2006;
Villa & Lenoir 2006; Lombard 2011). In South Africa, similar
functional studies are seldom done on bone tools. The work of
Backwell and d’Errico (e.g. 2001, 2009; Backwell et al. 2008;
d’Errico et al. 2012a,b), mostly conducted on Early and Middle
Stone Age artefacts, has been one of the few exceptions. Yet,
there is a wealth of information to be gleaned from bone tools
from any time period (e.g. Bradfield 2014, in press).
In this paper, I review a number of techniques that can be
used to investigate the past function of bone tools. All the tech-
niques described below can be subsumed under the general
heading of use-traces. Simply put, use-traces are the combina-
tion of micro- and macroscopic features that develop on objects
that have come into contact with one another, either during use
or manufacture. Use-trace analyses provide a tool for identify-
ing possible activities at archaeological sites for which no other
evidence remains. For example, the manufacture of leather
clothing may leave identifiable traces on the tools used to make
them even if no leather survives in the archaeological deposit
(Griffitts 2001; d’Errico et al. 2012b). The presence of these traces
is therefore used to infer function and, by extension, the
primary economic activities of prehistoric groups (Keeley 1974;
Rots 2010).
Broadly speaking, there are four processes through which
bone tools can develop use-traces. These are abrasive, fatigue,
adhesive and chemical (LeMoine 1994). These processes arise
from manufacture, use and environmental factors. Abrasive
wear results from prolonged frictional contact between a tool
and a contact material, usually through working of the material
(LeMoine 1994; Fisher 1995). Fatigue wear results from struc-
tural strain occasioned through contact or use. In bone tools,
this process initially manifests as micro-cracks and continues
until mechanical failure results in a fracture (Johnson 1985;
Lakes et al. 1990; Kim et al. 2006; Rennick 2012). Adhesive wear
arises from frictional contact between two surfaces. However,
instead of resulting in material attrition, as occurs with abrasive
wear, material from one object is transferred to the other
(LeMoine 1994; Francis 2002). The contact material is identified,
based on the residue of the adhering material. Chemical wear is
the physical alteration of a tool surface due to chemical action,
which normally occurs after deposition but which can also
occur as a result of contact with skin and other acidic sub-
stances or organic enzymes.
Here I present four use-trace techniques used for the analy-
sis of bone tools. The basic principles and methodological
approaches governing use-wear, residue analysis, macrofrac-
ture analysis and micro-CT on bone tools are outlined. There
are various analytical techniques within each of these methods,
but I describe only those techniques with which I am most
familiar.
USE-WEAR ANALYSIS
The underlying premise governing use-wear analysis is
that friction between two materials will result in traces on both
(Rots 2010). Use-wear is based on tribology, or the study of
interacting surfaces in motion. The basic premise is that each
material and activity will leave distinctive use-wear patterns on
tools, and that the identification of such patterns can provide
information about the contact material and the nature of
contact or use; in other words, similar wear patterns should
indicate similar function (Semenov 1964; Chomko 1975;
LeMoine 1994; Buc & Loponte 2007; Buc 2011).
Experimental studies have shown that different materials
and motions of use often leave distinctive microscopic wear
patterns, consisting of polish, striations, rounding, flattening,
pitting, cracking and micro-breakage (Olsen 1989; d’Errico
1993; Griffitts 1997, 2001). Table 1 presents broad definitions of
each of these terms. Polish may be described as either high
(I use the word ‘bright’ to distinguish it from topographic loca-
tion) or dull, the former displaying a reflective lustre, the latter
not (Chomko 1975). Likewise, striations may be described as
either long or short, an arbitrary determinant set at 4 mm
(Chomko 1975). Each of these wear-traces can tell us something
about the material that caused them. Striations show the direc-
tion of movement as well as the texture of the contact material
(d’Errico 1993; Griffitts 2001). Polish may indicate duration of
use or the softness/hardness of the contact material (Tyzzer
1936; Legrand & Sidera 2007). The arrangement, distribution
and morphology of use-wear traces, when considered
together, may provide evidence for activities such as hafting,
leather working or wood working (Stone 2013). The relation-
ship of traces to one another allows us to identify a sequence of
events or activities (Semenov 1964), with the most recent
events superimposed onto older events.
Use-wear traces develop relatively quickly on bone (Van
Gijn 2007; Legrand & Sidéra 2007), and most bone tools pass
through an initial stage of indistinct weak polish (LeMoine
1994; Griffitts 1997). Later, smoothing and deformation occurs,
characteristic of specific material groups (Legrand & Sidéra
2007). Although there is some degree of overlap of use-wear
traces within material categories, there are distinct differences
between categories such as plant, ceramic and hide working
(Griffitts 1997; Backwell & d’Errico 2004). Polish and striations
usually develop along a continuum, and different stages of a
tool’s life may show different degrees of wear, even when the
same contact material is involved (Buc & Loponte 2007). The
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TABLE 1. Definitions of terms used to describe modifications to bone.
Type Indicators References
Abrasion Caused by the interaction of two materials, one harder than the other, LeMoine 1994;
which often results in scratches on the surface of the softer materials. Fisher 1995
Acid etching Produces widespread erosion, scalloping, smoothing and thinning. May Cook 1986;
(digestion) produce perforations. Surface bears little resemblance to natural bone surface. Fisher 1995;
d’Errico & Villa 1997
Adhesive Adhesive wear refers to the transfer of one material to another through contact. LeMoine 1994
Chemical Results from chemical reactions. Includes processes such as oxidation and LeMoine 1994
acid etching. May occur in isolation or in combination with mechanical stress.
Cracking The splitting of cortical bone usually resulting from desiccation or stress. Fisher 1995
Synonymous with weathering.
Crushing The inward displacement of the bone cortex into the spongy bone space. Fisher 1995
within; fragmentation of cortical bone due to pressure
Cut marks V-shaped in cross-section with flat sides. Fine parallel striations occur Cook 1986;
along the walls of the main groove and at the bottom of grooves. Fisher 1995
Fatigue The sudden failure of a material due to repetitive stress. LeMoine 1994
Flaking Micro-flaking resulting from percussion against a harder material. Bone Fisher 1995;
flakes display the same features as stone flakes. Results from a variety of Buc 2011
causes including trampling and biting.
Flattening The first stage in the wear process. It is the abrasive removal of surface Legrand & Sidéra 2007;
material prior to the formation of polish. Buc 2011
Heating Dependent on temperature and duration of exposure. Passes through five Shipman et al. 1984;
stages differentiated by surface colour and topography. Short duration or Choyke & Daróczi-Szabó 2010
low temperature shows blackened edges and smooth surface; increased
temperature/exposure shows bluish-white colour and porous texture.
Pitting Often occurs in the polish and manifests as uneven depressions on the Griffitts 2001
surface. Dependent on the hardness and/or acidity of the contact material.
Polish Consists of smoothing and flat surfaces, usually accompanied by rounded Fisher 1995;
edges. It is usually acquired through contact with secondary surfaces and is Griffitts 1997, 2001
the abrasive removal of material from the contact surface. Polish differs
depending on duration of use and hardness of contact material. Best viewed
under high-power magnification.
Root etching Thin, shallow dendritic lines on surface with u-shaped cross-section. Cook 1986;
Usually visible to the naked eye. Fisher 1995;
Vercoutére et al. 2007
Rounding Results from repetitive wear, usually on soft materials, but has been found Buc 2011
to occur after impact.
Sediment Very similar to digging indicators; deformation characterised by crack d’Errico 1993;
abrasion networks. The degree of wear is related to type of bone, duration of Lyman 1994;
exposure, sediment matrix and transport mode, if any. Fisher 1995;
Sklar & Dietrich 2004;
Thompson et al. 2011
Striations Striations show the general direction of tool movement. Size and depth of d’Errico 1993;
striations vary depending on the texture of the contact material. Griffitts 2001
Weathering Displays as cracking, splitting, exfoliation, disintegration and Cook 1986;
decomposition. The rate of weathering is a reflection of environmental Fisher 1995
factors, not of time.
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numerous experimental studies concerned with use-wear on
bone tools allow for certain generalisations to be made. For
example, polish confined to the high points of the bone surface
topography usually indicates a hard contact material such as
wood (LeMoine 1994). A roughened bone surface could indi-
cate weathering, whereas a hard surface may indicate rapid
burial (Choyke & Daróczi-Szabó 2010). Likewise, a golden-
brown colour to the bone surface usually indicates prolonged
use-life as this colour develops with prolonged contact with
oils secreted by the skin (Choyke & Daróczi-Szabó 2010). Bone
discolouration is also a feature of heating, either intentional or
post-depositional (Shipman et al. 1984). Table 2 presents some
of the micro-wear characteristics of different activities based on
experimental research.
Different types of microscopes and different magnifica-
tions have been used to view use-wear traces on bone artefacts;
each has their advantages and disadvantages. A low magnifica-
tion of between ×10 and ×150 is generally regarded as ade-
quate for identifying the distribution of use-wear and
distinguishing hard and soft contact materials (e.g. Semenov
1964; Backwell & d’Errico 2001; Legrand & Sidéra 2007).
High-power magnification, of up to ×500, may be necessary to
allow characterisation of use-wear features, that is, to differen-
tiate between polishes and striations that occur in grooves on
the bone surface (e.g. Cook 1986; Griffitts 2001; Backwell &
d’Errico 2003; Legrand & Sidéra 2007; Christidou 2008). The
best interpretative results are, however, obtained by combining
high- and low-power magnification (LeMoine 1994; Olsen
2007; Rots 2010). Different microscopes are used by research-
ers, depending on preference, research question, and availabil-
ity. Scanning electron microscopy (SEM) is useful for viewing
objects at high magnifications because the entire specimen
stays in focus and there is no light reflection (Olsen 2001). One
disadvantage, however, is that polishes appear dull under an
SEM, potentially hampering recognition (Shipman & Rose
1988; Runnings et al. 1989). Most machines require the speci-
men either to be coated in a gold material or a positive cast
made of the surface of the specimen (Runnings et al. 1989; Bello
et al. 2011). The metallographic and reflected light microscopes,
on the other hand, are good for viewing polishes and striations
but have a shallow depth of field (Griffitts 2001; Buc & Loponte
2007). Each type has its own strengths and weaknesses (see
Evora 2015) and the full benefit is often only reached when
various complementary microscopes are used (Olsen 1988; Buc
2011).
As with all techniques, a researcher can only derive the full
benefit of use-wear when they acknowledge its limitations.
While use-wear analysis may be able to distinguish between
general categories of contact material, its reliability decreases at
each level of analysis (Griffitts 2001; Gates St-Pierre 2007). For
example, it is easier to distinguish between hard and soft
contact material in a general sense than it is to distinguish
between animal hide and human skin. Wet materials and simi-
larly hard textured materials are also difficult to distinguish
from one another (LeMoine 1994; Griffitts 1997). Additionally,
multi-purpose tools seldom retain specific diagnostic traces
(Becker 2001; Buc & Loponte 2007); polish will differ depend-
ing on duration of use (Griffitts 2001); and the most recent
activities will obscure the traces of earlier activities or manufac-
turing traces (Griffitts 1997; Buc & Loponte 2007; Legrand &
Sidéra 2007; Van Gijn 2007). There are many natural processes
that can obscure or confuse use-wear traces, such as soil acid
and burning (Griffitts 2001; Buc & Loponte 2007), as well as
natural features like blood-vessel impressions or inherent
deformities within the bone (Shipman & Rose 1988; d’Errico &
Villa 1997), not to mention pseudo bone tools created by
trampling (Brain 1967). Certain animal behaviours may also
result in modification of osseous material (Villa & d’Errico
2001). Combinations of tool morphology, striations and polish
should be used together when interpreting the agent and activ-
ity responsible for the wear (Olsen 2007).
A heavy reliance on individual interpretation, coupled
with observer error and low repeatability has resulted in a
number of criticisms being levelled against the perceived sub-
jectivity of the use-wear method (see González-Urquijo &
Ibáñez-Estévez 2003; Scott et al. 2005; Van Gijn 2014). A number
of analytical tools, such as interferometry (Dumont 1982) and
texture analysis software (González-Urquijo & Ibáñez-Estévez
2003; Ungar 2004), that have sought to increase the objectivity
and repeatability of use-wear studies, have emerged from this
scepticism. Interferometry may be used to measure accurately
the depths of striations and other topographic features on a
tool surface allowing for the differentiation of polish type,
degree of wear and manner of use (Dumont 1982). It has a
number of advantages over traditional visual typological
identification of wear patterns. Interferometry allows data to
be stored and variation in wear patterns quantified and
compared. Quantification of surface roughness variables has
been used successfully to distinguish between wear that results
from termite foraging and wear that results from digging for
tubers (d’Errico & Backwell 2009) and natural sediment abra-
sion (d’Errico & Backwell 2003). Experimental use-wear data
recorded and stored in this way can be recalled and used as an
objective control against which objects of unknown function
can be measured and interpreted (Backwell & d’Errico 2001,
2004, 2005). Various image analysis software programs have
been used, most of which are a form of graphic information
system software. These programs can be used with a variety of
microscopes, including SEM and confocal laser microscopes
(e.g. Ungar 2004; Scott et al. 2005; Evans & Donahue 2008;
Ibáñez et al. 2012). These programs allow wear patterns to be
quantified and, coupled with statistics, are used to help elimi-
nate observer bias and error.
MACROFRACTURE ANALYSIS
One method that is easy to use and does not require a
microscope is macrofracture analysis. Macrofracture analysis is
based on the principles of fracture mechanics and explores the
breakage properties of brittle solids subject to use (Hayden
1979; Odell 1981). Simply put, the theory of fracture mechanics
states that certain fractures will develop on brittle solid tools
used in a specific activity (e.g. Hayden 1979; Lawrence 1979;
Dockall 1997). It is used primarily in the examination of stone
tools thought to be part of ancient hunting weapons (e.g.
Fischer et al. 1984; Odell & Cowan 1986; Lombard & Pargeter
2008; Villa et al. 2009a,b), but has been shown to be equally ap-
plicable to bone points (Bradfield 2011, 2012; Bradfield &
Lombard 2011; Pargeter & Bradfield 2012; Bradfield & Brand
2015). Although bone is anisotropic (Johnson 1985; Knecht
1997), and has been shown to be more durable than stone
weapon tips when used experimentally (Currey 1979), it never-
theless shares the same fundamental properties as all brittle
solids and responds in predictable ways when stressed
(Guthrie 1983; Arndt & Newcomer 1986; LeMoine 1994;
Griffitts 2006; Kasiri & Taylor 2008; Bradfield & Lombard 2011).
This is due to the presence of calcium hydroxypatite in cortical
bone, which is responsible for rigidity and which, during
fracture, behaves more like stone than other osseous materials,
such as antler (Guthrie 1983).
For points used as weapon tips, a fracture may occur when
the point hits a hard surface perpendicular to the point’s axis.
The force of the impact can cause one or more transverse bend-
ing fissures to travel down the point’s length (Bergman &
Newcomer 1983). Various factors influence the type of frac-
tures that will occur. Most of these factors have to do with the
morphology of the point, particularly the relative length and
cross-section shape of the point (Bergman & Newcomer 1983).
The most common type of damage to points used for hunting
occurs at the tip (Frison 1989). Depending on the type and
position of the fractures and the particular grouping of various
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TABLE 2. Definitions of terms used to describe modifications resulting from different activities. All micrographs are taken at ×50 magnification except scraping,
which is roughly ×10. Images reproduced with the permission of Clive Bonsall and Natacha Buc.
Activity Indicators References Example
Ceramic
smoothing
Numerous deep directional striations. Width of
striations varies depending on temper. Pronounced
rounding with bevelled edges that accrue quickly.
Surfaces may become flattened and polished.
Griffitts 1997;
Gates St-Pierre 2007;
Buc 2011
Digging Polish varies from weak to strong with flat patches
surrounded by bumpy areas. Polish may display an
abrasive texture. Striations are common but occur in
isolation and vary depending on sediment matrix.
Pitting, cracking and chipping on the surface are com-
mon.
Shipman & Rose 1989;
Backwell & d’Errico 2001, 2004;
Griffitts & Bonsall 2001;
Van Gijn 2007
Grinding Deep directional striations, usually parallel to the mo-
tion of grinding, comprising individual lens-shaped
striations.
d’Errico & Backwell 2003;
Bradfield & Lombard 2011
Plant working
(silica rich)
Parallel shallow, sharp-edged striations with rounded
high points. Bright polish limited to high point topog-
raphy. Surface cracking is common; visible at ×400
magnification.
Shipman & Rose 1989;
Griffitts 1997, 2001;
Becker 2001;
Griffitts & Bonsall 2001;
Backwell & d’Errico 2004;
Buc 2011; Stone 2013
Scraping Multiple, closely spaced, narrow undulating ripples.
Chattermarks are seen perpendicular to the direction
of scraping. If manufactured using a metal blade
striations are broad and adjoin one another, whereas a
stone blade leaves widely separated striations. Exam-
ple viewed at ×10 magnification.
Semenov 1964;
Newcomer 1974;
Olsen & Shipman 1988;
LeMoine 1994;
Fisher 1995;
d’Errico et al. 2003
Shell working
(e.g. limpet)
Pitting, cracking and chipping are infrequent. Polish
and striations vary depending on whether the shell is
wet or dry. Additive weak polish with occasional
bright spots. Fine parallel striations with dry shell;
striations are infrequent with wet shell.
Griffitts & Bonsall 2001
Handling wear Homogenous micro-topography. Invasive polish
from long duration use may mimic skin wear. Short
and long striations orientated parallel or oblique, best
visibility at ×100 magnification.
d’Errico 1993
Continued on p. 7
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fracture types, inferences can be drawn as to the probable activ-
ity responsible (Fischer et al. 1984; Lombard 2005; Yaroshevich
et al. 2010).
Fischer and colleagues (1984) conducted experiments on
stone tools to isolate and define macrofractures that could be
considered diagnostic of the type of impact associated with
hunting. They referred to these macrofractures as diagnostic
impact fractures (DIFs). These DIFs included step-terminating
bending fractures, unifacial and bifacial spin-off fractures and
impact burinations. Such fracture terminations result from
bending forces that a tool experiences when impacting against
another material. Later the method was refined to exclude
spin-off fractures smaller than 6 mm to avoid confusion with
accidental breakage patterns (Lombard 2005). Probably the
most easily recognisable DIFs are bending fractures from
which spin-off fractures initiate (Fischer et al. 1984). On
artefacts used as impact tools, where the forces run parallel to
the broad sides, the spin-off fractures can have considerable
dimensions, and long spin-off fractures can occur on one
or even both sides. Spin-off fractures on both sides of a point,
initiating from the same bending fracture can, in practice, occur
in hardly any other way than through use as a hafted impact
implement such as a spear or arrow. This type of fracture is
therefore considered diagnostic of impact use, irrespective of
the dimensions of the fractures (see Hayden 1979; Fischer et al.
1984; Villa et al. 2009a; Yaroshevich et al. 2010).
While most bone tool studies have relied on use-wear
features such as polishes and striations, some have looked at
breakage patterns (e.g. Tyzzer 1936; Currey 1979; Arndt &
Newcomer 1986; Knecht 1997). These studies, however, have
tended to use a descriptive nomenclature different from
comparable stone tool studies. For example, terms such as
spiral, dull, split (e.g. Tyzzer 1936), transverse, jagged (e.g.
Pokines 1998), cleavage (Langley, in press) and bevelled frac-
tures (e.g. Arndt & Newcomer 1986), which are themselves
simply morphological descriptions, have been used; they tell
us very little about the mechanical forces responsible for their
formation. Bone is a highly complex material that is susceptible
to a number of different types of fractures depending on the
type and condition of the bone (Cowan 2001; Currey 2012). As
bone dries it behaves more like an inorganic brittle solid,
making it suitable for macrofracture analysis and other types of
brittle solid failure analyses (Guthrie 1983; Johnson 1985; Kasiri
& Taylor 2008).
Recent bone tool experiments have followed the macro-
fracture nomenclature when referring to use-related breakage
on bone tools (Bradfield & Lombard 2011; Pargeter & Bradfield
2012; Bradfield & Brand 2015). These studies have shown
that step-terminating fractures can develop on bone through
trampling and accidental dropping, and are thus not a reliable
indicator of longitudinal impact in bone tools (Pargeter &
Bradfield 2012; Bradfield & Brand 2015). The only DIF that
occurs in bone subject to longitudinal impact, and no other
activity, are spin-off fractures larger than 6 mm. It must be
remembered that macrofracture analysis identifies longitudi-
nal impact rather than hunting impact per se. At this stage we
cannot distinguish between a hand-projected spear point and
a mechanically projected arrow. One of the limitations of the
macrofracture method is that, in any given experimental hunt-
ing sample, macrofractures and DIFs only occur in a minority
of cases, making it difficult to interpret the possible hunting
function of individual pieces. What is needed is a way to iden-
tify tools that have undergone impact, but which show no
visible signs of damage on the surface, such as may be achieved
using micro-focus X-ray computed tomography.
MICRO-FOCUS COMPUTED TOMOGRAPHY
Micro-focus computed tomography is a relatively new pro-
cedure to acquire an archaeological application (e.g. Jacobson
et al. 2011, 2012; Bradfield 2013). The machine, which is more
commonly used in palaeontological research to acquire three-
dimensional images of fossils embedded within rock, has
recently been used to view micro-damage in cortical bone: its
effects on bone strength in vivo (Leng 2006), and its propagation
from impact (Bradfield 2013). Here I review the potential appli-
cation of this technique to archaeological bone tools as a
method for investigating past function.
As mentioned above, dry bone shares the same fundamen-
tal properties as all brittle solids, due to the presence of calcium
hydroxyapatite, and responds in predictable ways when
stressed (Lawn & Marshall 1979; Guthrie 1983; Kasiri & Taylor
2008). As bone dries it loses elasticity and the relative frequency
of calcium hydroxyapatite crystals increases. Under non-
dehydrated conditions, however, cortical bone loaded by a
high-velocity impact, such as from projectile hunting, will also
experience brittle solid shattering (Hollinger et al. 2005).
Another property of brittle solids is their tendency to deforma-
tion wear, characterised by the formation of micro-crack
networks around impact locations (Lawn 1993; Vashishth et al.
1997). Bone is known to develop micro-cracks prior to fractur-
ing as a result of fatigue and other accumulated mechanical
stress factors (Johnson 1985; Lakes et al. 1990; Kim et al. 2006;
Rennick 2012). Micro-cracks in bone form distinctive patterns
that can be differentiated from histological features (Kim et al.
Skin working Homogenous micro-topography. Continuous bands
of bright, strong polish with many pits and craters;
polish may appear perpendicular to bone axis when
twisting motion is used. Rounded high points and
striations along edges. Striations are narrow, deep and
crossed. Wet hide produces more widespread wear
than dry hide. Visible at ×50 magnification.
Griffitts 1997, 2001;
Becker 2001;
Griffitts & Bonsall 2001;
Backwell & d’Errico 2004;
Gates St-Pierre 2007;
Van Gijn 2007;
Buc 2011;
Stone 2013
Wood working Leaves very bright to medium polish with rounding
and striations. Polish is slow to accrue and striations
are rare. Shallow pitting and variable surface cracking
visible at ×200. Striations are smooth, narrow and
grouped. Indicators differ between wood species.
Griffitts 1997;
Griffitts & Bonsall 2001;
Backwell & d’Errico 2004;
Gates St-Pierre 2007;
Van Gijn 2007
TABLE 2 (continued)
2005) and can be imaged using computed tomography (Leng
2006; Bradfield 2013).
The micro-focus X-ray computed tomography machine,
hereafter referred to as the micro-CT scanner, works by send-
ing X-rays through a rotating specimen to a detector panel. The
images picked up by the detector panel are sent to a computer
where the images are reconstructed. The micro-CT scanner is
capable of scanning objects ranging from a block of breccia to a
seedpod, achieving maximum spatial resolution in the region
of 5–10 µm, depending on object geometry and the parameters
chosen for the task. This technique permits the non-destructive
investigation of objects for the purposes of imaging internal
structures and performing 3D analysis. Imaging analysis soft-
ware allows the viewer to move through the object on any
plane, essentially viewing a series of hundreds or thousands of
individual images.
To enhance the contrast between the bone in the specimen
and the surrounding environment, radio-opaque substances
such as lead sulphide (PbS) or barium sulphate (BaSO4) precipi-
tate can be used to treat the bone prior to micro-CT scanning
(Leng 2006). These substances are absorbed by the bone and
display on X-rays as artificially dense. Because of the absorp-
tion factor, this approach is inappropriate for archaeological
specimens. Alternatively, the object can be embedded in a
homogenous substance such as flour, which will permit higher
scanning energies to be used, while also minimising beam
scattering caused by the sharp boundary between the object
and the air (see Bradfield 2013). Using flour produces the
necessary material contrast in the images and allows for easy
cleaning of the object after scanning. It should be noted,
however, that this method can adversely affect archaeological
residues, although it would not destroy them as would lead
sulphide and barium sulphate.
A pilot study using micro-CT to image bone histology and
internal fatigue wear, conducted on a series of experimental
bone points, showed that distinguishable patterns of micro-
cracks form in bone tools used for different activities (Bradfield
2013). Micro-CT can show use-related damage in tools on
which no visible damage exists on the surface. An analysis of
micro-crack formations has the potential to differentiate bone
tools that underwent high velocity longitudinal impact from
those that underwent lower velocity longitudinal pressure or
lateral impact.
While micro-CT scanning has the potential to add interest-
ing and informative lines of evidence to our interpretation of
bone tool function, it does have limitations. For instance, to
achieve the necessary resolution, the bone point must be
placed as close to the X-ray emitter as possible. This means that
only a small portion (~10 mm) of the specimen can be scanned
at any one time. In order to obtain results from an entire tool
multiple scans are necessary, which can then be digitally
stitched together.
MORPHOLOGICAL RESIDUE ANALYSIS
Residue analysis has developed along a similar path to
use-wear analysis and is now a well-established method in its
own right, replete with experimental research and blind-test
studies (Lombard & Wadley 2007; Wadley & Lombard 2007;
Högberg et al. 2009). It shares with use-wear analysis the under-
lying premise that contact between two materials will result in
transfer of matter (Loy et al. 1992), and has the advantage of
being independent of duration of use (Högberg et al. 2009).
Residues can comprise organic and inorganic material. The
most commonly preserved organic residues are blood, fat, hair
and starch grains (Loy 1993), which can survive, under favour-
able conditions, for great lengths of time (Loy & Hardy 1992;
Lombard 2008). The large range of residues that survive on
artefacts from surface and sub-surface deposits has enabled the
recognition of previously unrecognised tasks, such as skin
scraping and bone working (Fullagar & Jones 2004; Cooper &
Nugent 2006). Residue analysis, together with use-wear analy-
sis, has the potential to transcend the traditional morpho-
typological approach to recognising prehistoric tools (Högberg
et al. 2009).
There are several approaches to residue analysis, which
emphasise different attributes of the residues. These
approaches are morphological, chemical, chromometric and
immunological. The latter three methods, which mostly
involve extracting the residues from the tool surface, may allow
for more accurate identification of some residues, but in so
doing, the context is lost and future analysis precluded (Loy
1993; Langejans 2011). The morphological approach to
conducting residue analysis is the most conservative of the
approaches and the only one that allows future analysts to
verify results. Most residue analysts emphasise the advantages
of a combined approach of residue and use-wear to studying
ancient tool function (e.g. Shanks et al. 1999; Rots & Williamson
2004; Fullagar 2006; Högberg et al. 2009; Kononenko et al. 2010),
and Lombard (Lombard & Wadley 2007; Wadley & Lombard
2007) highlights the importance of using multiple strands of
evidence (including distribution patterns, micro-wear and
macrofracture analyses) to support interpretations. Table 3
presents descriptions of 17 of the most commonly found use-
related residues.
Most residue analysts following the morphological
approach make use of a light microscope with incident and
cross-polarised lighting and bright- and dark-field illumination
(e.g. Fullagar & Jones 2004; Cooper & Nugent 2006; Lombard &
Wadley 2007; Langejans 2013). Particular effects can be
achieved using different types of illumination, for example,
plant tissue can be distinguished from animal tissue by its reac-
tion to cross-polarised light (Loy 1999). Dark-field illumination
provides more contrast between surface features, whilst
bright-field illumination is useful for observing use-wear fea-
tures (Francis 2002). Magnifications typically range from
×50–×500 (Fullagar & Jones 2004; Lombard 2008; Högberg et al.
2009), although occasionally magnifications up to ×800 or
×1000 are used, depending on the residue being viewed
(usually cells and small starch grains) and available equipment
(Francis 2002; Cooper & Nugent 2006; Langejans 2010).
Although an environmental scanning electron microscope or
ESEM can also be used, it is expensive, time-consuming and
monochromatic (Monnier et al. 2012). Portable USB micro-
scopes are advantageous for field work, but usually do not cope
well with the higher magnifications (Kononenko et al. 2010).
As with other disciplines, proficiency in residue analysis
requires long-term dedication (Lombard & Wadley 2007). Blind
tests are useful training exercises for novice analysts and
contribute to the development of the method, although a
margin of error should be expected (Lombard & Wadley 2007).
Perhaps the best approach to residue studies is to treat each
artefact as a site, whereby residues are interpreted in relation
to overall tool morphology and other use-traces (Loy 1993).
Repetitive clustering of residues provides far better evidence of
function than any single residue (Wadley & Lombard 2007;
Lombard 2008), as single residues can result from contamina-
tion or incidental contact (Francis 2002; Langejans 2013).
Contaminants can be found in the soil from whence the artefact
derives, and from dust in the air (Wadley & Lombard 2007;
Langejans 2011). For this reason soil samples should be taken
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TABLE 3. Descriptions of some common micro-residues. All descriptions are taken from Lombard (2008), unless otherwise stated. Images reproduced with permis-
sion of Geeske Langejans, Marlize Lombard and Gilliane Monnier.
Residue Description Example
Plant fibres Consist of long, slender cells commonly occurring in ribbon-like strands or fibrous
bundles. Strands often appear as broken twisted fibres, with shattered ends. Such
breaks can seem straight and abrupt. Plant fibres often appear bright under
cross-polarised light and are birefringent. Example viewed at ×200 magnification.
Starchy residue This is an amorphous granular starch deposit, often with no visible plant cell
structure. This residue may present differently, depending on the type of micro-
scope employed. Example of experimental residue in situ on experimental stone
tool viewed at ×100 magnification using reflected or an incident light microscope.
Starch grains Starch grains are usually spherical, and under cross-polarised light, exhibit a charac-
teristic extinction cross as the result of the birefringence of the grain. Starch grains
range in size from 50 µm to 1 µm. Example viewed at ×500 magnification.
Epidermal tissue Rectangular, brickwork-like cell structure. The ground mass of epidermal cells are
compactly arranged and covered with a cuticle of cutin and wax. Example viewed at
×200 magnification.
Woody tissue Woody residue appears rigid with abrupt, straight breaks usually along cell edges.
Sometimes fibres and starch grains are observed together with woody residue. The
presence of vessels, tracheids (elongated, conducting and supporting cells), and
parenchyma (living thin-walled cells) indicates secondary xylem (wood). Example
viewed at ×200 magnification.
Resin/gum Has a glassy transparent appearance and is often dark in colour. The deposit can
appear like small smooth droplets or have a cracked appearance. The cracks are
usually straight-edged and clear. The residue might also appear birefringent. Other
plant cells are often recorded within the resinous deposit. Example viewed at ×500
magnification.
Animal tissue Clear cell structure is seldom visible and the residue becomes dull or opaque when
the polariser is rotated. Nuclei are sometimes visible. The colour of animal tissue can
vary from pale yellow to dark brown, but whitish fibres, fat cells or collagen frag-
ments often accompany pigmented animal tissue. Example of experimental residue
in situ on experimental stone tool viewed at ×200 magnification using reflected or
an incident light microscope.
Continued on p. 10
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Striated muscle tissue This is best identified in longitudinal section where skeletal muscle cells or fibres
show cross-striations of alternating light and dark bands. The darker bands are
birefringent under cross-polarised light. Skeletal muscle fibres are extremely
elongated, unbranched cylindrical cells. Example viewed at ×200 magnification.
Collagen fibres Parallel collagen fibrils are arranged into strong bundles 2–10 µm in diameter.
Thus, collagen fibres often have the appearance of rope and the ends may appear
unravelled. The fibres are birefringent, but under polarised light they often appear
opaque. Some collagen bundles may display structured layers. Certain collagen
types do not form fibrils but rather have a mesh-like structure sometimes described
as sheet collagen. Example viewed at ×100 magnification.
Fat/marrow These cells have distinctive globular or ovoid shapes. When crushed or smeared the
tissue becomes amorphous but the smear itself can be detected. In archaeological
samples brown and red spots can sometimes be detected within a whitish deposit
indicating the faunal origin of the residue. Fat and marrow could appear
birefringent on the surface, but often becomes opaque when the polariser is rotated.
These residues sometimes display a blue tinge under cross-polarised light. Example
viewed at ×100 magnification.
Bone Bone cells have an amorphous, greasy appearance that lack characteristic structure.
Fatty bone deposits are white, but could have a blue or green tinge. Bone fragments
are often amorphous and opaque, but bone residues from degraded, non-fatty bone
can appear translucent. The fragments usually have sharp, jagged edges and might
show small perforations. Example viewed at ×200 magnification.
Blood Blood residues are indicated by the characteristic mud-cracking of thick films,
colour and/or the presence of biconcave red blood cells. Blood films are relatively
reflective and may range in colour from yellow, for thin films, to red or black, for
thicker deposits. Example viewed at ×200 magnification.
Hair Hair is positively identified based on the cylindrical structure, the presence of
medullae (central regions) and sometimes the scaly cuticle or outer layer. Unless
deeply pigmented, keratin has a pale blue birefringence in cross-polarised light.
Example viewed at ×500 magnification.
Ochre Red, yellow or orange powdery inorganic consistency. Granular unless mixed in
solution. The colour comes from iron oxide in hematitic ochre. Example viewed at
×100 magnification.
Protein fibres Usually multi-cellular and animal in origin. Protein fibres, like silk, look like smooth
cylindrical rods with periodic bulges. They may sometimes have faint striations
(Canadian Conservation Institute 2008). Example viewed at ×500 magnification.
TABLE 3 (continued)
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from sites where tools are intended for residue analysis, and
such contaminants identified (Kooyman et al. 1992; Langejans
2011). While some researchers use sterile powder-free gloves
when handling tools intended for residue analysis (e.g.
Högberg et al. 2009), these are considered to provide a false
sense of sterility as residue transfer can still take place between
tools even with gloves (Wadley & Lombard 2007). One should
only conclude that residues are use-related when they have a
patterned distribution over the tool, are present in large quanti-
ties and on several tools, and are not associated with contami-
nants (Langejans 2011).
Residue contamination is not the only problem confront-
ing analysts. Morphological ambiguity, small sample sizes and
organic decomposition can all contribute to misidentifica-
tion/misinterpretation of micro-residues. In general, environ-
ments that are extremely cold, have high pH levels, are anoxic
and dry and which have high heavy-metal content are most
suitable for organic preservation, although different residues
have different preservation optima (Langejans 2010). For
example, bone preserves best in soil that is high in calcium with
an alkaline pH, and which is oxygen and water depleted
(Berner 1971). Likewise wood preserves best in extremely dry,
oxygen-depleted alkaline environments (Langejans 2010).
That said, residues, and protein molecules in particular, can be
quite resilient to degradation (Högberg et al. 2009), as is attested
by the great antiquity of certain finds (Loy & Hardy 1992;
Lombard 2014; but see Langejans 2013). The problem of mor-
phological ambiguity arises from decomposition, crushing
and light reflective residues (Monnier et al. 2012), as well as the
position and orientation of residues under the microscope.
Certain plant and animal fibres share the properties of birefrin-
gence (the way in which a material refracts light) and translu-
cency under cross-polarised incident light, hampering
interpretation (Lombard & Wadley 2007; Wadley & Lombard
2007). Pale, light-reflective surfaces such as bone may hamper
the visualisation of residues such as fat, bone, silica and starch
grains (Lombard & Wadley 2007), while certain residues such
as starch grains are dependent on the correct orientation for
them to be identifiable. It is important to acknowledge such
limitations and to have a standardised confidence rating in
interpretations (Monnier et al. 2012).
CONCLUSION
The detailed study of bone and other osseous technology
has the potential to inform on techno-cultural and socio-
economic adaptations. The results of use-trace analyses of bone
tools in various parts of the world are yielding interesting
results that occasionally complement and sometimes contra-
dict information obtained from stone tool studies. Bone
artefacts were an integral part of past technological systems
and carry the potential to provide a window onto perishable
material culture (O’Connor et al. 2014), not only the tools
directly, but also the activities to which the tools were put, such
as ceramic burnishing or basketry – evidence for which is often
preserved as use-traces (Olsen 2007; Stone 2013). Recent
use-trace studies have shown that bone tools were used for a
wide range of functions in the past (Francis 2002; Rabett &
Piper 2012; O’Connor et al. 2014; Bradfield, in press) – informa-
tion that would have been lost, had only morpho-typological
data been considered.
Use-trace studies, specifically use-wear, are contributing
increasingly to our understanding of hominin behavioural
evolution. Experimentally established criteria are used to
differentiate naturally from anthropically modified bone
(Shipman & Rose 1988; d’Errico 1993; Backwell & d’Errico
2004). Technological and dietary reconstructions of Pleistocene
hominins can be studied through use-wear patterns on bones
and teeth (e.g. Backwell & d’Errico 2001; Ungar 2004; Backwell
& d’Errico 2005; Scott et al. 2005). It has been shown for instance
that East African hominins used bone tools for different tasks
than their South African counterparts, and that the tradition of
bone tool manufacture remained unchanged for almost a
millennium (Backwell & d’Errico 2005). During the Middle
Stone Age bone tool use-wear evidence at certain southern
African sites demonstrates a local tradition of bone tool produc-
tion, with specialised tools designed to perform a variety of
tasks on different materials (d’Errico & Henshilwood 2007;
d’Errico et al. 2012a). Use-wear and residue evidence from
Border Cave indicates an abrupt technological evolution from
the Middle to Later Stone Age, highlighting a dyssynchronous
rate of techno-cultural change between lithic and organic tech-
nologies at this site (d’Errico et al. 2012b). A similar picture is
emerging at White Paintings Rock Shelter (Robbins et al. 2012).
Here I have tried to provide a basic overview of four types
of use-trace analyses that can increase our understanding of
the past functions of organic tools. Although I have tried to
collate consensus descriptions, use-traces may not always
present as I have described them. For instance, sediment abra-
sion may differ in appearance, depending on the coarseness of
the sediment and manner in which it made contact with bone.
Likewise, the wear on a tool used for twenty minutes may look
different from one used for two hours (d’Errico 1993). Use-trace
results need to be integrated with other site data and compared
against wear patterns created by known agents for any mean-
ingful conclusions to be reached (Becker 2001; Griffitts 2001;
Backwell & d’Errico 2004; Rots 2010). Use-wear and residue
studies have enormous potential for understanding the diver-
sity of past functions of bone artefacts, but are seldom included
in archaeological site reports. Part of the reason for this is that
use-trace analysis is seen as an expensive and highly special-
ised sub-discipline. While confident interpretations depend on
specialist analysis, I hope that the descriptions offered in this
paper will prove useful for archaeologists looking for consoli-
dated information about this important but often under-
studied class of artefacts.
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